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TECHNICAL MEMORANDUM 

ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-5) LAUNCH 

I. INTRODUCTION 

This report presents an evaluation of the atmospheric environmental data taken during the launch 
of the Space Shuttle/STS-5 vehicle. This Space Shuttle vehicle was launched from Pad 39A at Kennedy 
Space Center (KSC), Florida, on a bearing of 90  deg east of north at 1219 UT (0719 EST) on November 
11, 1982. 

This report presents a summary of the atmospheric environment at launch time (L+O) of the 
STSS, together with the sequence of prelaunch Jimsphere measured w i ~ d s  aloft profiles from L-14 hr 
through liftoff. The general weather situation for the launch and flight area is described, and surface 
and upper level wind/thermodynamic observations near launch time are given. Surface and upper level 
wind/thermodynanuc parameter measurements are also presented for the SRB descentlimpact analyses. 

Previous MSFC-related launch vehicle atmospheric environmental conditions have been published 
as Appendix A of individual MSFC Saturn Flight Evaluation Working Group reports [ I ] .  Office memo- 
randums have been issued for previous flights giving launch pad wind information. A report has also 
been published [ 2 ]  which summarizes most launch atmospheric conditions observed for the past 155 
MSFCIABMA-related vehicle launches through SA-208 (Skylab 4). Reports summarizing ASTP, STS-1, 
STS2,  STS-3, and STS-4 launch conditions are presented in References 3, 4, 5 :  6, and 7, respectively. 

II. SOURCES OF DATA 

Atmospheric observational data used in this report were taken from synoptic maps made by the 
National Weather Service, plus all available surface observations and measurements from around the 
launch area. Upper air observations were taken from balloon-released instruments sent aloft from Cape 
Canaveral Air Force Station (WAFS)  and from the ship Gen. H. S. Vandenberg in the Atlantic Ocean 
off the Florida coast. High-altitude winds and thermodynamic data wcre measured by the Super-Loki 
rocketsondes launched from the CCAFS, Table 1 presents a listing of systems used to obtain the upper 
level wind profiles used in compiling the final ascent meteorological data tape. Only the ship-launched 
Omegasonde-Rawinsonde and Super-Loki rocket data were used in the upper level atmospheric regions for 
the construction of the final SRB descent/impact meteorological data tape. Data cutoff altitudes are also 
given in Table 1. 

Ill. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME 

A ridge of high pressure, located off the northeast Atlantic coast, and extending through southern 
Alabama into the Gulf of Mexico, was an atmospheric influence over the Florida peninsula during the early 
morning launch. Along the peninsula, surface winds were northeasterly to easterly, ranging in magnitude 



from 10 t o  17 ftlsec. Very little cloud cover was present, along with low humidity and warm tempera- 
tures (low 70's) prevailing throughout the early morning countdown period. Figure 1 gives the surface 
weather may 19 nlin prior t o  launch. Figure 2 presents the wind flow aloft at the 500 mb level. North- 
westerly winds dominated the flow aloft over the KSC Florida area. 

Cloudiness was not very prevalent over the Fiorida peninsula or the KSC launch complex as 
shown in Figure 3. Figure 3 presents the GOES5 visible picture taken 41 min after launch (1300 UT). 
Scattered cunllrlus clouds at 1200 ft were present during launch. Figure 4 shows an upclose bisible shot of 
the Florida peninsula as recorded by GOES-5, taken at 1300 UT. 

IV. SURFACE OBSERVATIONS AT LAUNCH TIME 

Surface observations at launch time for selected KSC locations are given in Table 2 .  Included w e  
pad 39A, Shuttle runway, and CCAFS balloon release station observations. Neither precipitation nor 
lightning wds observed at launch time. 

Table 3 presents Pad 39A wind data along with other standard hourly meteorological measure- 
ments and sky observations for the 6-hr period prior to launch of STS-5. Values for wind speed and 
direction are given for the 8 4  m (275 ft) FSS reference level and 18 m (60 ft) pad Lght pole level. 

V. UPPER AIR MEASUREMENTS DURING LAUNCH 

The FPS-16 Jimspherc (1235 UT), MSS rawinsonde (1348 UT), Super-Loki rocketsonde (1605 
UT), and Super-Loki Robin (1445 UT) systems were used to measure the upper level wind and thermo- 
dynamic parameters for STS-5 launch. At altitudes pbove the rocket-measured data, the Global Reference 
Atmosphere (GRA) [8 ]  parameters for November KSC conditions were used. A tabulation of the STS-5 
final meteorological data for ascent is presented in Table 4 which lists the wind and thermodynamic 
parameters versus altitude. A brief summary of parameters is given in the following paragraphs. 

A. Wind Speed 

At launch time, wind speeds were 22.0 ftlsec (3.4 kn) at  60 ft and increased to a maximum of 
146 ftlsec (86 kn) blowing from 336 deg. T h s  maximum occurred at an altitude of 40,500 ft (12,375 
m). The winds decreased above this level and then became stronger again at much higher levels, as shown 
in Figure 5. The overall maximum measured speed was 271 ftlsec (160 kn) at 185,000 ft (56,388 m) 
altitude. 

B. Wind Direction 

At launch time, the 60-ft wird direction was from the east (90 deg) and shifted through the 
north to a northwesterly component above 18,000 ft (5486 m). The wincis then shifted into the winter- 
westerly regime above 86,000 ft (26,213 m). Figure 5 shows the complete wind direction versus altitude 
profile. As shown in Figure 5, wind directions became quite variable at altitudes with low wind speeds. 



C. Prdrunch/Lrundr Wind Profilm 

Prcleunclrjlaunch wind profiles presented in Figures 6 tluouph 9 wcrc tneasurcd hy the Jin~sphcre 
FPS- I6 syste~n. Ihta srr shown for t h e  nrcasurcmcnt periods hepinning at L-14 hr and extendine 
t l ~ ~ ~ l l g l l  LW.  

0. Thermodynamic Data 

E. SRB Upper Alr and Surface M e c r r u m ~ ~  

VI. ATMOSPHERIC SUMMARY CONDITIONS FOR STS LAUNCHES 
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Figure 5 .  Scalar wind speed and directiu~i a: launch time of STS-5. 
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TEMPERATURE IDEG C) 

Figure 10. STS-5 temperature profiles versus altitude for 
launch (left) and SRB descent (right). 
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Figure 1 1.  STS-5 scalar wind speed and direction for SRB descent. 



APPENDIX A 

UPPER ATMOSPHERIC CHANGES INFLUENCING STS5 

SUMMARY 

Relatively strong wind profiles were observed in the 20,000 t o  40,000 ft altitude STS-5 high 
dynamic pressure layer above KSC from L-14 through L+O hr. As an illustration at L-14 hr a nlaxitnuln 
windspeed profile value of 160 ftlsec associated with a direction of approxinrately 350 deg produced 
left crosswind values of approximately 160 ft/sec at approximately 39,000 ft altitude. 'This translates 
into a probability of less than 1 percent that this crosswind speed would occur based on historical data 
records. Some vehicle load indicators indicated values exceeding the earlier designated 100 percent 
capability as a result of this wind. The large increase in crosswind component between the L-26 and 
L-14 hr Jimsphere as shown in Figure A-l was not anticipated from information available at the time 
of the C-24 hr LSEAT [(Shuttle) Launch Systenls Evaluation Advisory Team] meeting. However, from 
examining the routine 1200 UT (6 a.m. CST) 10 November upper atmosphere analyses by NOAA, it is 
apparent that stronger NNW winds were likely over Central Florida at launch time than was evident 
from infor~nation available at the L-24 hr LSEAT meeting. When these analyses becanie available, 
11 a.m. CST (L-19 hr), and if a procedure had been established. an updated advisory of the anticipated 
wind speed change could have been made to  the LSEAT. In the future, if desired. it nlay be possible 
to reduce such surprises to  the LSEAT ill the period prior to  L-14 hr if routine meteorological analyses 
an. made available in a more tirnely manner using one of the interactive display systems sucll as MclDAS. 
Thus concern diminishes in in~portance beginning about L-14 hr because it is then that Jimsphere m a -  
surements beconle more frequent and the statistical risk for changes in the inflight winds for L+O are 
incorporated as an allowance in the knockdown load dispersion calculations. 

KSC AREA ATMOSPHERIC PATTER& INFLUENCING STS-5 ACTIVITIES 

The following is a synopsis of the atrnosphcric conditions which existed during the STS-5 count- 
down, some conlnlents relative to  the Prelaunch Wind Loads Monitoring Terun's advisory role on expected 
intlipht wind cllanpes, and recommendations to improve inputs for LSEA'T decisions. 

The synoptic or large scale upper-atnlospherc atmospheric pattern affecting the C1.S. during STS-5 
countdown (L-SO t o  L+O hr) was ilominated by iln intense center of low pressure over Califomis. A jet 
stream or hand of strong winds (speerls approximately 185 ft/sec at 40,000 ft) associated with !his 
systenl w a  oriented about this cyclonic center. Tlus wide belt of high winds was indicated oft the 
California coast arching southward and tlwn eastward across the California Baja, then nortl~castwarct 
into New Mexico. Another upper atmosphere trougll of low pressure was situated off the Atlantic coast 
of the U.S. east of the Florida peninsula. A ridge or  area of higher pressure between these two cyclonic 
systems was present over Florida and surrounding region. The above-described synoptic pattern can be 
seen on a series of 200 nlillihar constant pressure analyses (approxitnately 40,000 ft altitude) presented 
here for 1200 UT 9 November. 1200 UT 10 November, and 0000 and 1200 UT I I November 1982 
(Figures A-2 throug!~ A-5). 



THE INFLIGHT WIND SPEED CHANGE PREDICTION DILEMMA 

It is characteristic of an atmospheric condition such as described above that, once established, a 
fugh degree of persistence may exist for several days. The wind direction during the STS-5 countdown 
sequences (L-50 to L+O) was, in fact, relatively persistent. However, significant wind speed increases, 
and especially left crosswinds, were measured by Jimsphere and rawinsondc balloon systems between 
L-26 and L-14 hr. The wind speeds associated with the deep layer of northerly wind directions pro- 
duced large crosswind components above KSC and load cxceedences in excess of the earlier designated 
100 percent capability on some indicators. To anticipate this particular change in the atmospheric con- 
dition successfully for periods of 24 to  48 hr, the energetics of the large-scale, complex, low pressure 
system located near the California coast must be correctly assessed. 

The wind spccds produced at 40,000 ft and other altitudes by this pressure system were directly 
related t o  a complex ther:,rodynamic pattern existing within this large system. Perturbations of winti. 
temperature, humidity, and density propagated downwind (eastward, in this case) affected conditions 
at considerable distances from the cyclonic center. The development and timing of events on a meso- 
synoptic scale are difficult t o  anticipate even with the large-core computers and sophisticated models 
used by NOAA. This particular problcrn was conlpounded due t o  changes in the thennodynamic and 
wind field structure over the eastern Pacific where quantitative data are extreniely sparse. Seemingly 
minor perturbations cnlanating from the largescale trough altered dramatically the wind speed profile 
characteristics ovcr the US. including KS('. 

X poiilt to keep in rnind is that thc rawinsonde profile datii on the synoptic sa!e are nlcasured 
routinely by NOAA only at 0000 UT (6 pm. .  CST) and 1200 UT (6 a.m., CST). In addition. the 1100 
U'L' data ani~lyses. for cxample, do  not become available through nonnal NOAA transmission channels 
for use until about 17(1C U'T (1 1 a.m.. CST) or a lag of 5 hr. A post-flight analysis of the 1100 UT 
data (L-24 hr) for 10 November indi.. ted that increased crosswind speeds could have been anticipated 
and the infortnation provided t o  the LSk.4T by L-I9 Ilr if the nlost current analyses had been available 
carlicr. 
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Figure A-I. STS-5 out-of-plane wind component time history. 
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